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ABSTRACT: During taxonomical survey of Phaeophyta (Dictyotales) 7 species of
Padina Adanson were reported from the coast of Karachi (Pakistan). This study deals
with the numerical analysis of 7 species of Padina Adanson performed to solve the
problem of overlapped characters with regard to morpho-anatomical and reproductive
criteria of the species differentiation in Padina. Objective classification highly supported
the results based on traditional taxonomy despite the complexities in the genus Padina.
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INTRODUCTION
The genus Padina Adanson is cosmopolitan genus of Dictyotales (Phaeophyta). It is
the permanent and dominant part of the flora of Pakistan coast and found to grow on all
types of habitat and on each tide-level. It is a perennial alga and shows its presence
during unfavourable season in the form of rhizoids, filamentous thallus or sporlings.
This genus is taxonomically very complicated for identification due to the presence
of overlapped morpho-anatomical and reproductive features. To diagnose its different
species several prominent and constant morpho-anatomical and reproductive characters
were selected viz., arrangement of hair and reproductive organs in a zone, presence of
zone on one or both surfaces, number of layers in middle and lower parts of the plant.
Taxonomically recognized species of Padina are P. tenuis, P. pavonia, P. bizonatae, P.
hexastromatica, P. karachiensis, P. boergesenii and P. sanctae crucis.
In this study an attempt is made to confirm how well these species can be delineated
objectively. The method of cluster analysis was chosen to provide an objective basis.
Cluster analysis hierarchically links operational taxonomic units (OTUs) on the basis of
phenetic similarities giving equal weight to all the characters used.
The numerical analysis performed yielded seven groups of Padina corresponding to
one species in each group as recognized by the traditional taxonomic method providing
additional support to the species recognized.
MATERIALAND METHODS
Material either living or as drift was collected from Manora, Hawkes Bay, Buleji and
Paradise Point during 1981-1989. Most of the species of Padina Adanson were spread in
all localities all over Karachi coast. Luxuriant growth of this alga was found in deep low
water mark. The maximum number of plants were collected during February to March
and minimum in October. The maximum number of fertile plants were collected during
spring (April) and minimum in winter (December to January, Begum and Khatoon 1988).
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Herbarium sheets were made and kept in the Phycological Section, Department of
Botany, University of Karachi. Specimens were fixed in 4% Formalin sea water for
morpho-anatomical studies.
Numerical analysis:
Numerical analysis performed employed both qualitative and quantitative variables.
The following characters were used for the genus Padina.
1. Size of the plant.
2. Arrangement of hair and reproductive organ in a zone and presence of zone on
single or both surfaces of the thallus.
3. Breadth of fertile zone.
4. Distance between fertile zone on the upper surface of the thallus.
5. Distance between fertile zone on the lower surface of the thallus.
6. Number of layers in the middle part of the thallus.
7. Number of layers in the lower part of the thallus.
With the exception of character 2 which is qualitative the rest of the characters are
quantitative.
Gower’s (1971) index of similarity was employed which permits the use of both
qualitative and quantitative characters simultaneously. The Gower’s similarity index is as
follows:
P P
Sij =Σ Sij / Σ Wijk
k=1 k=1
Where Sijk are similarities between O.T.U’S, i and j with respect to variable k and Wijk
are the weights. For qualitative variables Sijk = 1 if the two O.T.U’S i and j are the same
for the kth variable and Sijk = 0 if they differ in case of quantitative variables.
Sijk = 1 - Xik - Xjk /Rk
Where Xik is the score of individual on variable k and Rk is the range for variable k. The
weight Wijk is set to 1 or 0 depending on whether the comparison is considered valid for
variable k (Everitt 1980).
Cluster analysis was performed by average linkage clustering strategy in accordance
with Orloci (1978). All computations were performed on apple IIe microcomputer.
RESULTAND DISCUSSION
The dendrogram derived from average linkage clustering (ALC) is shown in Fig. 1.
Seven distinct groups can be recognized at a phenon line corresponding to similarity
value of 86%. Each of the groups extracted from ALC correspond to one of the seven
species recognized by conventional taxonomy. Groups G2 and G3, corresponding to P.
tenuis and P. pavonia show phenetic similarity while groups G4 and G5 corresponding to
P. hexastromatica and P. bizonatae show phenetic affinity. Group G6 corresponding to P.
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Fig. 1. Dendrogram derived from ALC clustering of 40 O.T.U’S belonging to Padina
species.
Taxa corresponding to the groups recognized in cluster analysis:
P. boergesenii = G1
P. tenuis = G2
P. pavonia = G3
P. hexastromatica = G4
P. bizonatae = G5
P. karachiensis = G6
P. sanctae crucis = G7
karachiensis shows affinity at a lower level with groups G4 and G5. Groups G1 and G7
corresponding to P. boergesenii and P. sanctae crucis respectively are most dissimilar to
all the groups. The group characteristics are outlined in Table I. Plant size was found
large (Table II) in groups 1 and 7, smal in group 4 and medium in groups 2 and 3.
Breadth of fertile zone was high in groups 1, 2 and 3 and low in groups 5 and 7, other
groups yielded intermediate breadth of fertile zone. The distance between fertile zone on
the upper surface of the thallus was found highest for groups 2and lowest for groups 4.
The distance between fertile zone on the lower surface was also found highest in group 2
while lowest was recorded for group 7. In groups 4 and 5 fertile zone was absent on the
lower surface. The number of layers in the middle part of the thallus were found highest
in group 7 and lowest in group 1 and 2. The maximum number of layers in the lower part
of the thallus occurred in groups 5, 6 and 7 while the minimum was recorded for groups 1
and 2.
Table. I. Quantitative and qualitative characters of 40 O.T.U’S of Padina studied.
Characters state codes are given below the table.
_______________________________________________________________________
Plant Plant Statement Breadth of Distance between zones Number of layers
No. size fertile zone ------------------------------------------------------------
cm mm Upper Lower Middie lower
surface surface part part
mm mm
_______________________________________________________________________
1. 15 4 1 2 4 2-3 2-3
2. 6 4 1.2 1.5 3 2-3 2-3
3. 6.2 5 1 5 6 2-3 2-3
4. 5 5 1 5 5 2-3 2-3
5. 8 6 1.5 2.5 2.7 3 3-4
6. 4 6 1 2 2 3 3-4
7. 4 1 1.2 2.3 --- 3-4 3-4
8. 5 2 1 2 --- 4 4-6
9. 12.5 2 0.7 2.6 --- 4 4-6
10. 16.5 2 1 2 --- 4 4-6
11. 6.3 3 0.7 2.3 2.3 4 4-6
12. 10.83 1 2.5 2.5 4 4-6
13. 19 3 1 2.8 2.8 4 4-6
14. 4.5 3 0.7 2 2 4 4-6
15. 9.2 6 2 3 3 3 3-4
16. 3 6 1.5 2 2 3 3-4
17. 3 1 1.4 1.8 --- 3-4 3-4
18. 7.2 1 1.8 1.5 --- 3-4 3-4
19. 10 2 1 3 --- 4 4-6
20. 2.3 2 0.5 2 --- 4 4-6
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Continued Table 1 ....
21. 2 1 0.5 1.3 --- 3-4 3-4
22. 10 2 1 2.5 --- 4 4-6
23. 2 2 0.5 1.5 --- 4 4-6
24. 10 3 1 3 3 4 4-6
25. 3 3 0.5 1.5 1.5 4 4-6
26. 8.5 2 1 2.3 --- 4 4-6
27. 3.8 1 0.5 1.8 --- 3-4 3-4
28. 6.5 6 1.5 1.5 1.5 3-4 3-4
29. 2 6 1 1.5 1.5 3-4 3-4
30. 13 3 1 3 3 4 4-6
31. 4.4 2 0.6 1.5 --- 4 4-6
32. 4 1 0.5 0.8 --- 3-4 3-4
33. 10.5 3 1 3 3 4 4-6
34. 3.7 1 0.5 1.3 --- 3-4 3-4
35. 4.2 2 0.6 2.5 --- 4 4-6
36. 8 7 0.6 1.5 1.5 4-6 4-6
37. 17 7 1 2 2 4-6 4-6
38. 12 3 1 2.5 2.5 4 4-6
39. 5 3 0.8 2 2 4 4-6
40. 6 7 0.7 2 2 4-6 4-6
_______________________________________________________________________
Legends for the codes osed in Table I.
1 = Sporangial sori closely developed on either side of a broad band of hair.
2 = Sporangial sori developed on either side of a narrow band of hair.
3 = Sporangial sori regularly arranged on either side of a narrow hair band on the upper surface
and irregularly on either side of an inconspiquous band of hair on the lower surface.
4 = Sporangial sori bordered on each side by hair band.
5 = Sporangial sori above every second band of hair.
6 = Broad sporangial sori just above the hair band on the upper surface and narrow irregular sori
occur distantly on hair band on the lower surface.
7 = Sporangial sori closely developed on either side of a hair band on the upper surface and only
hair band on the lower surface.
In the dendrogram G2 and G3 corresponding to P. tenuis and P. pavonia showed
close resemblance. Traditionally, these two species are regarded as closely related as
these are similar to each other in most of the characters and differ only in the arrangement
of zones (arrangement of hair and reproductive organ).
The next groups that showed close resemblance are G4 and G5 corresponding to P.
hexastromatica and P. bizonatae. These species closely resemble each other but differ in
the presence of zone (with same arrangement in both species) but on both surfaces in the
latter species. G6 corresponding to P. karachiensis also showed some affinity to P.
hexastromatica and P. bizonatae (G4 and G5) but differs in the shape of frond and
arrangement of zone.
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G1 and G7 which comprise of P. boergesenii and P. sanctae crucis respectively
differed from all other groups.
The present study used seven important characters of the Padina species after
thorough morpho-anatomical, reproductive and population observations from different
ecological conditions following the recent workers viz., Allender and Kraft (1983) and
Womersley (1987).
Based on conventional taxonomy, only 3 out of seven species were easily separated
and showed close resemblance to the species described by previous workers viz., P.
boergesenii, P. sanctae crucis and P. tenuis. These 3 species were also delineated in the
numerical analysis. On the other hand, 4 species including P. pavonia, P. hexastromatica,
P. karachiensis and P. bizonatae where ambiguity existed due to the presence of
overlapped morpho-anatomical and reproductive characters were found to emerge as
separate entities in the form of compact groups in the numerical clasification.
However, the numerical analysis yielded seven groups of Padina corresponding to
one species in each group as recognized by the traditional taxonomic method. These
results give additional support to the species recognized and also confirm the diagnostic
potential of the characters used in this study.
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